The present research was undertaken to explore the influence of fructooligosaccharides (FOS) on the functional and thermal properties of sour cassava starch and the quality characteristics of gluten-free (GF) cheese bread. Fructooligosaccharides were used to replace sour cassava starch at substitution level of 9% (SF1), 17% (SF2), and 29% (SF3). The functional and thermal properties of the starch-FOS mixtures were determined by the water absorption index (WAI), water solubility index (WSI), pasting profile analysis, thermal transition temperatures and enthalpy of gelatinization. Moreover, the GF cheese breads with starch-FOS mixtures were analyzed for height, diameter, weight, specific volume and dough moisture content. The sample with the highest FOS content (SF3) presented the lowest WAI (1.44), peak (62.4 rapid visco units (RVU), breakdown (53.4 RVU), final (13.8 RVU), and setback (4.9 RVU) viscosities, dough moisture content (31.7%), and enthalpy of gelatinization (9.5 J/g) and the highest WSI (29.4%) and pasting temperature (69.1°C). The height, diameter and specific volume of GF cheese bread samples made from sour cassava starch were 3.14 cm, 6.35 cm, and 1.49 cm 3 /g, respectively. The SF1 mixture samples resulted in a 3.01 cm height, 6.34 cm diameter, and 1.55 cm 3 /g specific volume. According to Brazilian food labeling regulations, the latter product cannot be categorized as "a good source" of fiber because the minimum level of fiber per portion was not reached.
Introduction
Sour cassava starch is naturally fermented for 15-60 days, after which it is sun-dried; this type of starch has an excellent capacity for expansion during baking [1, 2] . This modification causes macromolecular degradation of the cassava starch, which is related to the expansion capacity, and consequently, a higher ability to capture gases and to expand during baking, allowing for use in breadmaking products [3] . The degradation mechanism of starch occurs during fermentation, and sun-drying plays a principal role in the breadmaking properties. There are two hypotheses to explain this behavior. Firstly, at the molecular level, the free-radical formation of the sun-drying process due to UV irradiation results in starch oxidation and depolymerization [2, [4] [5] [6] [7] ; and, secondly, at the supramolecular level, the structure of the starch granules is altered, resulting in a modified gelatinization behavior [8] .
Sour cassava starch is the main ingredient of gluten-free (GF) cheese bread (pandebono or pão de queijo), a special GF bread that is very popular in some South American countries (Colombia and Brazil) [1, 5] . GF cheese bread is made by blending mainly sour cassava starch, water or milk, cheese, salt, sugar, and fat. This product does not contain wheat flour; neither does it undergo yeast fermentation before baking. The dough is baked immediately after kneading without a rising or proofing time. The rising during baking does not involve a protein-gluten network or the production of carbon dioxide by yeast [1] .
Despite its acceptance, GF cheese bread does not have a standard quality. Furthermore, there is no production technology defined by the great variety of optional ingredients. Several formulations are marketed and labeled as "cheese bread", which have different behaviors after cooking. Some sour cassava starches result in products that might not support the desirable alveolar structure for the dough. GF cheese bread can be found on the market with a firm, alveolar and dry mass or a soft, non-alveolar, and gummy mass [9] . Moreover, the shelf life is short (<5 days), mostly due to the physical and sensory properties of this product.
There has been a lot of attention paid to specific types of dietary carbohydrates, such as fructooligosaccharides (FOS). These compounds present important physicochemical and physiological properties that are beneficial to the health of consumers and, for this reason, their use as food ingredients has increased rapidly; such properties include non-cariogenicity, a low calorific value, and the ability to stimulate the growth of beneficial bacteria in the colon [10] . Molecules that start with one glucose moiety, followed by fructose moieties, are also called oligofructoses or FOS. Oligofructoses can be obtained by partial enzymatic hydrolysis of inulin or by enzymatic synthesis from sucrose. These fibers are linear chains of fructose units, 2-10 in number. They are also considered a subcategory of inulins. This product is free of gluten, fat, protein, and phytic acid, and contains only very small (negligible) amounts of some minerals and salts. These carbohydrates are used either as supplements to foods or as macronutrient substitutes. As supplements, they are added mainly because of their nutritional properties. Adding FOS increases the dietary fiber content of the food. Fructooligosaccharides are used as a sugar substitute mainly in dairy and bakery products at levels that cause no intestinal discomfort. Daily doses of 10-15 g cause no significant discomfort. At higher doses, flatulence may cause discomfort [11] .
There are growing concerns over the nutritional adequacy of the GF dietary pattern because it is often characterized by an excessive consumption of energy, proteins, and fats and a reduced intake of complex carbohydrates and dietary fiber [12] . GF baked goods are often low in fiber because wheat flour is usually substituted with commercial starches, which usually do not significantly contribute to the dietary fiber content. Consequently, the enrichment of GF baked products with dietary fiber seems to be necessary [13] . Some authors have studied the quality attributes of FOS enriched cookies, with successful results at lower and medium levels of sugar replacement [14, 15] . Thus, the aim of this study was to evaluate the effect of FOS on the functional and thermal properties of sour cassava starch and the quality characteristics of GF cheese bread.
Materials and methods

Materials
Preliminary experiments were performed to establish a GF cheese bread formula with FOS, taking into account that a portion of this product should weigh 50 g and the FOS addition should be at least 3 g per portion [16, 17] . Therefore, control GF cheese breads (S) were prepared with 100% sour cassava starch. GF cheese bread samples were enriched with FOS at levels of 9% (SF1), 17% (SF2), and 29% (SF3) of sour cassava starch replacement. The ingredients of the GF cheese bread were matured minas cheese (Patos de Minas, MG, Brazil), pre-cooked corn flour (PAN, Alimentos Polar, Bogotá, Colombia), margarine, sugar, salt, milk, and sour cassava starch, purchased in the local market (São Jose do Rio Preto, SP, Brazil), and FOS, provided by Corn Products (Nutra Flora P 95, Corn Products, Mogi Guaçu, SP, Brazil). Nutra Flora is synthesized enzymatically to generate fructooligosaccharide species consisting of a glucose (G) monomer linked to two, three, or four fructose (F) molecules. This product is referred to as the GFn type of FOS. In this case, the FOS contained GF 2 (40.1%), GF 3 (48.6%) and GF 4 (11.3%), and had a pH of 6.5 and a 2.6% moisture content, according to the product technical datasheet.
Physicochemical properties of sour cassava starch and FOS
The moisture content of the sour cassava starch and FOS were determined with a moisture analyzer (MX-50, A&D, Tokyo, Japan). The water absorption index (WAI) and water solubility index (WSI) can be used as an indicative of starch modification due to a physical or chemical treatment. WAI measures the volume occupied by the starch granule after swelling in excess water, WSI determines the amount of free molecules leached out from the starch granule in excess water [18, 19] . The WAI and WSI of the sour cassava starch (S) and starch-FOS mixtures (SF1, SF2, SF3) were determined by slightly modifying the method of Anderson et al. [20] . The sour cassava starch was sieved through a 0.177 mm mesh (Tyler 80, Granutest, São Paulo, SP, Brazil) to standardize the sample size. The samples (2.5 g) were weighed in centrifuge tubes (50 mL) using an analytical balance (Jex-200, YMC, Kyoto, Japan), mixed with 30 mL of distilled water and were vigorously agitated in a standard laboratory vortex shaker until complete dispersion and then placed in a stirred water bath (Marconi, Piracicaba, SP, Brazil) for 30 min at 30°C. Then, the samples were centrifuged at 3000 Â g for 10 min in a centrifuge (Jouan BR4i, Thermo Scientific, Milford, MA, USA). The supernatant liquid was poured carefully into a tared dish and evaporated in a fan oven (MA 035, Marconi, Piracicaba, SP, Brazil) at 100°C overnight. The precipitated gel was weighed and the WAI calculated from the initial and final weights. As an index of water solubility, the amount of dried solids recovered by evaporating the supernatant was expressed as a percentage of dry solids. All measurements were done in triplicate.
The pasting properties of the sour cassava starch, with and without FOS at the previously described substitution levels, were obtained using a Rapid Visco Analyzer (RVA-4, Newport Scientific, Warriewood, NSW, Australia). Each sample was added to 25 mL of distilled water to prepare a 6% w/w db suspension. Each suspension was kept at 30°C for 1 min, heated to 95°C at a rate of 6°C/min, held at 95°C for 5.5 min, cooled to 50°C at a rate of 6°C/min and finally held at 50°C for 2 min. All the determinations were performed in duplicate [3] .
The gelatinization properties of the samples were determined using a differential scanning calorimeter (DSC-Pyris 1, Perkin Elmer, Norwalk, CT, USA). The starch samples (2 mg, db) were weighed in aluminum pans, mixed with distilled water (6 mL) and sealed. The fructooligosaccharides were added to 3 mL of distilled water and then 6 mL of the solution were placed in aluminum pans, taking into account the FOS/starch mixtures. The weighed samples were kept at room temperature overnight to equilibrate and scanned at a rate of 10°C/min over a temperature range of 25-100°C. An empty pan was used as a reference. All the measurements were performed in triplicate [3] .
Preparation of gluten-free cheese bread
The formulation was based on the amount of cheese ( Table 1) . The added milk (g) in the formulation depended mainly on the dough consistency. According to preliminary tests, the amount of milk added should result in a soft, cohesive, nonsticky and homogeneous GF cheese dough. The dry ingredients and the margarine were blended in a mixer (KitchenAid, St. Joseph, MI, USA) for 1 min. Then, the grated cheese was added and blended for 2 min. Finally, the milk was slowly added to develop a soft and homogeneous dough, which was divided into portions of 50 g. Each portion was molded manually into a cylindrical shape (5 cm diameter, 1.9 cm height). The cylindrical dough samples (8 units) were baked at 150°C for 15 min in an electric oven (Lyar, J y Ryal Co, Jundiaí, SP, Brazil).
Physical measurements of gluten-free cheese bread
The specific volume (cm 3 /g), weight (g), height (cm), and diameter (cm) were measured in eight (8) GF cheese bread samples for each treatment. The dough moisture content was determined by drying 2.5 g of sample in a fan oven (MA 035, Marconi, Piracicaba, SP, Brazil) at 105°C for 4 h [21] . The bread specific bulk volume was determined by the millet displacement method. The loaf weight was recorded and the specific volume (cm 3 /g) was calculated [3] .
Statistical analysis
One-way analysis of variance (amount of FOS in the formulation) was used in this study. The experimental data were analyzed by ANOVA at a 5% significance level and least significant difference (LSD) was used to compare treatments when significant differences were found. The statistical analysis was performed using Statgraphics Plus 5.1. The data are given as means AE SD.
3 Results and discussion
Functional and thermal properties
The WAI and WSI of the sour cassava starch and the starch-FOS mixtures are reported in Table 2 . These parameters were significantly affected by the starch-FOS mixture (p < 0.05).
The sour cassava starch presented the highest WAI value and the lowest WSI value; whereas, the SF3 samples showed the highest WSI value and the lowest WAI value. Water absorption was decreased by oligosaccharide addition, which is in agreement with results reported elsewhere [17, 22, 23] . The WAI reduction can be attributed to the fact that FOS form microcrystals when water is added, which interact, forming particle gel and leading to a smooth creamy texture. In contrast to other soluble fibers with high water-binding capacities, the macromolecules of FOS form junction zones and so absorb less water. The properties of oligosaccharides are based on water immobilization during the formation of these gel particles rather than actual water binding [17, 24] . On the other hand, the WSI greatly increased as the addition of FOS increased because oligosaccharides are water soluble [10] and, probably, there is no synergistic interaction between the sour cassava starch and FOS, which could increase the solubility of FOS. Zimeri and Kokini [25] found that the inulin-waxy maize starch system has two phases with completely different morphologies, confirming the presence of separate networks and the existence of phase separation.
The fiber source and the type and degree of processing are the principal factors that influence the functional properties of high-fiber ingredients, viscosity, gelation, water-binding and oil-binding capacities, mineral and organic molecule binding [26, 27] . The WAI and WSI of the samples were similar to the data reported elsewhere [8, 28, 29] , but lower compared to the data reported by Mestres et al. [30] and Marcon et al. [9] , probably due to the different methods used in these studies. The pasting profiles of the sour cassava starch and the starch-FOS mixtures are presented in Fig. 1 . The viscosity profile of the sour cassava starch was typical for this type of fermented starch, including a sharp rise in viscosity shortly after the pasting temperature, reaching the peak viscosity followed by a drop until it reached the trough viscosity and then gradually rising again to a slightly higher final viscosity [3, 4, 31] . The starch granules swelled and absorbed water (gelatinization), matching the first consistency increment; then, a viscosity reduction was observed and finally, in the last part of the curve, the cooling encompassed a slight consistency increase. This last increment in consistency was related to starch retrogradation [27] . The pasting profiles of the starch-FOS mixtures resulted in a behavior similar to that of the sour cassava starch; but with lower pasting viscosities as the FOS amount was increased (Fig. 1) .
The pasting parameters of the sour cassava starch and the starch-FOS mixtures are summarized in Table 2 . The peak, breakdown, final and setback viscosities of the sour cassava starch were significantly higher than those of starch-FOS mixtures; whereas, the pasting temperature of the sour starch was the lowest. The peak viscosity is also known as the gelatinization peak; a higher peak viscosity indicates a high amylopectin content (crystalline structure) [32] . Breakdown is an indication of how easily the granular structure of starch breaks. Likewise, final viscosity and setback are defined as the degree of re-association between the starch molecules, involving amylose or the transition from a viscous liquid to a gel [33, 34] . These pasting viscosities were higher in the sour cassava starch, followed by SF1, SF2, and SF3, respectively. These results could be attributed to the high water solubility of FOS and the lower starch content. This fiber was not able to modify the general trends defined by the sour cassava starch. Gelatinization occurs over a temperature range because gelatinization involves different kinds of loss-of-order transitions and granules in a population from a single source are heterogeneous [35] . The fructooligosaccharides delayed the rapid initial increase in viscosity of the heated sour cassava starch suspensions, increasing the pasting temperature. This fiber may compete with starch for water due to its high solubility, delaying the start of gelatinization.
The thermal properties of the sour cassava starch and the starch-FOS mixtures are reported in Table 3 . The values obtained for the thermal transition temperatures
of the sour cassava starch were slightly lower than the results reported elsewhere [3, [7] [8] [9] . The enthalpy of gelatinization (DH) of the sour cassava starch was consistent with levels reported by Franco et al. [3] and Mestres and Rouau [36] , but higher than those reported elsewhere [7] [8] [9] .
The onset and the final temperatures of the sour cassava starch were similar to those of the SF1 sample, but lower than those of the SF2 and SF3 samples. Whereas, the peak temperature was lower in the sour cassava starch, followed by SF1, SF2, and SF3, respectively. The DH of the samples were not significantly affected by the addition of FOS, with the exception of the SF3 sample that resulted in the lowest value. Although the DH of the sour cassava starch and starch-FOS mixtures (SF1 and SF2) were statistically similar, a slight reducing tendency with the replacement of starch was observed. The DH of starch is related to the melting of the crystalline zone. The more the crystalline and the higher the starch content of a sample are, the larger the amount of energy that will be spent on melting those crystals [8] .
Baking quality characteristics
The baking quality characteristics of the GF cheese bread from the sour cassava starch and starch-FOS mixtures are shown in Table 4 . There were no significant differences in the height, diameter, added milk and specific volume of the GF cheese bread samples from those of the sour cassava starch and SF1 mixture. However, these baking characteristics of the sour cassava starch and SF1 samples were significantly higher than those of the SF2 and SF3 mixtures. Moreover, the dough moisture content was higher in samples from the sour cassava starch, followed by the SF1, SF2, and SF3 samples, respectively ( Table 4) .
The specific volume of GF cheese bread samples is an indicative of the baking expansion capacity of the starch used in this baking product. The specific volume of the samples was lower than those reported elsewhere [3-7, 9, 29, 37, 38] ; due to the ingredients of the product and the process conditions used in these studies. Three major factors are involved in the expansion of sour cassava starch during baking. First, the driving force is represented by the steam pressure of the trapped water, which increases as the temperature increases, inducing bubble growth. Secondly, thermal transitions modify the thermomechanical properties of the dough. Finally, water loss gives rise to the characteristics of the crumb network, which depends on the dough permeability.
The existence of bubbles trapped within the gelatinized matrix of the sour cassava starch solution was evidenced by microscopic observation under heating [2] . Moreover, the fat content (from the cheese and/or the formulation) and the gelatinized starch may stabilize the gas bubble interface. During baking, fat crystals melt and make it possible for the crystal-liquid interface to be incorporated into the surface of the bubble as it expands. This transfer of interfacial material from crystals to a bubble surface explains how the addition of shortening to dough allows bubbles to expand during baking without rupturing [39] . The crumb network is achieved during the cooling period, when the surface temperature becomes lower than the transition temperature of starch. During this phase, most of the water is evaporated, the steam pressure is stabilized and the crust is formed [2] . The samples with a higher FOS content (SF3 and SF2) did not expand during baking. Theses samples presented a lower WAI, dough moisture content, added milk, and a higher WSI and pasting and gelatinization temperature. As mentioned above, the driving force in expansion is water evaporation. If there is not enough water within the dough, the product expansion could be affected. Furthermore, the starch gelatinization at the beginning of baking induces partial solubilization and swelling and leads to the formation of a viscoelastic material. The latter can trap the gas being produced during baking, mainly before the formation of a rigid crust due to progressive dehydration, which can inhibit dough expansion. Thus, samples that present low gelatinization and pasting temperatures should have higher expansion during baking, before hardening of the crust [30] . The presence of non-starch material, particularly fiber, may also obstruct the formation of bubbles by disrupting the structure of the solid foam. The high solubilization capacity of FOS affected the starch gelatinization at the beginning of baking. Therefore, this situation decreases the possibility to form a suitable matrix that is able to trap gas produced by water in GF dough, decreasing the bubble growth caused by the steam pressure of the trapped water, before hardening of the sample crust. When performing the mass balance (calculations not shown), the SF3 formulation can be considered a fiber-rich product because this product (50 g) contained more than 3 g of FOS per portion [17] . The other two formulations, SF2 and SF1, had around 1 and 2 g of FOS content per portion, respectively. The baking quality characteristics of the SF3 samples were deficient compared to the control products.
Conclusions
The study revealed that GF cheese breads can be successfully formulated using FOS as a partial replacement for sour cassava starch at a (SF1) substitution level of 9%. But according to Brazilian food labeling regulations, the latter product should not be considered a fiber-rich food because the minimum level of fiber per portion was not fulfilled. The WAI, peak, breakdown, final and setback viscosities and enthalpy of gelatinization of the sour cassava starch decreased as the partial replacement of sour cassava starch by FOS increased. Moreover, the physical properties of the FOS enriched GF cheese breads were affected in a negative way by demonstrating a decrease in height, diameter, specific volume, and dough moisture content. FOS, although interesting from a nutritional point of view, find little application in baking due to their technological effects. Further studies on the use of other additives, such as hydrocolloids, and on the micro images, texture properties, and sensory analysis of this product could aid in the search for suitable baking quality characteristics of FOS-enriched GF cheese breads.
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